Abstract: The purpose of this study was to describe the autumn migration dynamics of juvenile (n = 3075) and adult (n = 596) robin Erithacus rubecula in Hungary. Capturing and ringing of birds took place at five bird ringing stations of Actio Hungarica between 13 August and 27 October, 2004. The number of captured juvenile and adult individuals rated to one net was the lowest in the reeds of Izsák and the highest in the woody areas of Szalonna, where adults were present at a higher proportion. The migration dynamics of the robin showed that the end of September and the beginning of October was the peak time for passing through Hungary. Based on the estimated time of the 10% of daily capture, it can be stated that juvenile birds started their migration as early as the end of August or at the beginning of September while the migration of the adults started later. The migration started earliest in Szalonna and latest in Izsák. The comparison of daily catch dynamics (based on the estimated time of 10% and 50% of daily captures) of juveniles and adults between study sites showed that similarity of daily capture was higher in the case of juveniles. The five study sites had different qualities from the point of view of the robins' habitat preference. Our results showed that the reed-bed of Izsák had only peripheral importance while the other forest and bushy study areas played a key role in resting and feeding during the migration of the robin.
Introduction
The migration strategy of robin Erithacus rubecula (L., 1758) populations, which are spread in various geographical locations, is different. Birds breeding in northern and eastern territories, such as Scandinavia and Finland are obligatory migrants, while those, breeding in the more southern territories, are all resident birds. In Central Europe, the robin is an obligatory partial migrant as well as an example for a species, which is using the time-minimization strategy of migration (Biebach 1983; Adriaensen & Dhondt 1990; Bottoni & Massa 1991; Cramp et al. 1993; Ehnbom & Karlsson 1993) .
The birds that breed in Scandinavia migrate at the beginning of autumn, while the birds in northeastern breeding places start their journey only late in autumn (Ginter et al. 2005) . At the beginning, autumn migration of robins is oriented to more western wintering places then to the Apennine peninsula, eastern areas of the Mediterranean and lastly to the Balkans (Remisiewicz 2001; 2002; Ściborska & Busse 2004; Adamska & Filar 2005; Adamska & Rosińska 2006; Meina et al. 2007; Rosińska & Adamska 2007 ). Nowakowski et al. (2005) provided some evidence for the synchronization of the autumn migration of robin.
The robin is one of the most frequently ringed birds in Hungary. Data of 135,078 ringed birds were recorded at the Bird Ringing Centre between 1951 and 2006. Fifteen birds ringed abroad were recaptured in Hungary and 70 birds ringed in Hungary were recaptured abroad. The majority of the Hungarian birds leave the Carpathian Basin by mid-September, and winters in the Apennine Peninsula and on the surrounding islands. Birds that migrate through Hungary in autumn originate mainly from Slovakia, Poland, Ukraine, southern Scandinavia, Baltic States and north-western Russia (Gyurácz & Csörgő 2009b) .
Previously, research of migration dynamics was conducted in two West Hungarian sites, the Sopron Hills area (Antli & Németh 1998) and the bird ringing station of Tömörd in the autumn period. These earlier studies were restricted to the data of only one study site. To analyze the migration dynamics, it is not sufficient to use the data of only one area which might be optimal or suboptimal for the species. The reason for this is that areas may differ in geographical location and in vegetation that is why they may play different roles in migration. Getting acquainted with the migration of a species is only possible if the studies are extended to more areas.
The age dependence of migration of robin has not been studied in Hungary so far, therefore the main aim of this study was to describe the autumn migration dynamics in relation to the age groups based on the daily capture-recapture data of five Hungarian bird ringing stations.
Study sites and methods
Our studies took place at the bird ringing stations (Fig. 1 • 27 N, 20
• 42 E) between 13 August and 27 October, 2004. The chosen period of study was the overlap interval of the bird ringing work in the five areas. The study sites differed in vegetation.
Tömörd: forest, bushy area, grassland with scrubs, open water.
Sumony: reed-bed, places dappled with reed-mace, and bushy area.
Ócsa: agricultural area, reed-bed, grassland, bushy and closed wooded area. The entire study site was fragmented and mosaical.
Izsák: the most expanded association was reed-bed. Szalonna: gallery forest along the Bodva brook. In order to catch the birds, 260 mist nets were used at the five study stations altogether. They were 12 m long and 2.5 m high with small-mesh (16 × 16 mm). Total length of the mist nets was 348 m in Tömörd, 600 m in Sumony, 1068 m in Ócsa, 624 m in Izsák and 480 m in Szalonna. Net controls were performed from dawn to dusk every hour and additionally once in the evening darkness. The capturing was stopped when it was very hot and during lasting rainfall as well.
An individually numbered ring was put on each captured bird. Two age groups were established; one for the birds in their first year (juvenile) and one for the adult ones. The determination of age was based on the inside colour of the upper mandible, the shape of the middle tail feather, the yellow spots on the great wing-coverts and the ossification of the skull (Svensson 1992) . Measuring of the body mass, wing-length and estimation of their condition was carried out based on the methods used by Actio Hungarica (Szentendrey et al. 1979) . The proportion of adults : juveniles was calculated.
The daily captures of the study sites were standardized to average captures by one net. The average captures by one net of the study sites were compared using one-way ANOVA and Tukey HSD test. The migration dynamics was characterized by migration curves designed on the basis of daily captures. The migration curves were analyzed by generalized linear regression (Pyšek et al. 2003) . To compare the migration curves, we calculated the estimated time of 10% and 50% captures, t10 and t50 with the 95% confidence interval, CI. When migration curves overlapped within the CI of t10 and t50 (lower limit to upper limit), the curves did not differ significantly (P = 0.05). The average t10 and t50 (days) of the age groups were compared using Student s t-test. The minimum stopover times of the recaptured birds were calculated by determining the number of days from the ringing to the last recapture (Ellegren 1991; Yosef & Chernetsov 2004) . The stopover duration was compared using Kruskal-Wallis test and the Mann-Whitney method. Statistical analyses were performed with PAST (version 1.38) software (Hammer et al. 2006) .
Results
During the study period at the five bird ringing stations 3,671 individuals were captured with the help of 260 mist nets: 3,075 juveniles and 596 adults. In the year of ringing 553 birds were recaptured: 485 juveniles and 68 adults. The average daily capture of juveniles by one net was significantly higher in Tömörd and Szalonna than in the other sites (one-way ANOVA, F = 32.45; df = 4/255; P < 0.001). The average daily capture of adults by one net was significantly higher in Szalonna than in the other sites (one-way ANOVA, F = 2.33; df = 4/255; P < 0.001). The ratio of juvenile and adult individuals was the lowest in Szalonna and the highest in Izsák, whereas the rest of the areas showed similar values in this parameter (Table 1) .
The estimated time of 10% capture of juveniles was similar in the three study sites (Tömörd 10 Sept., Sumony 8 Sept., Ócsa 8 Sept.). In contrast, there was a significant difference in the t 10 values between the selected areas of Izsák and Szalonna. The earliest migrating individuals appeared in Szalonna (28 Aug.) and at the latest ones appeared in Izsák (19 Sept.). The estimated time of 50% capture of juveniles was similar in the two study sites (Tömörd 27 Sept., Sumony 29 Sept.). The t 50 values showed that juveniles started migration significantly earlier in Ócsa (21 Sept.) and Szalonna (21 Sept.) than in the other sites and it was the latest in Izsák (6 Oct.). The estimated time of 10% capture of adults was significantly different for all study sites. Similarly to the juveniles, the earliest migrating adults were found in Szalonna (12 Sept.) and the latest ones were in Izsák (3 Oct.). The estimated time of 50% capture of adults was found to be similar in Tömörd (3 Oct.), Ócsa (1 Oct.) and Szalonna (29 Sept.), but Explanations: n -number of nets; P -percentage of nets in bushy and/or forest habitats; * P < 0.001 (one-way ANOVA, Tukey HSD test) for mean daily captures per net. migration started a bit later in Sumony (6 Oct.) and it was the latest in Izsák (19 Oct.). There was a considerable difference in the beginning of migration between the age groups: the difference of the average estimated time of 10% capture of juveniles and adults was 11.99 ± 3.89 days (t = -2.39, P < 0.05). The capture dynamics of age groups did not differ significantly in the middle period of autumn migration: the difference of the average estimated time of 50% capture of juveniles and adults was 8.81 ± 2.84 days (t = -1.85, P > 0.05). The first juvenile individuals appeared early, at the end of August and the beginning of September, while the first adult individuals appeared only in mid-September and at the beginning of October (Tables 2, 3, Figs 2,  3) . The recapture rate of juvenile birds was similar in the four study sites, around 15-22%. The recapture rate of adults varied between 0% and 26.92% in the five study sites. The proportion of juvenile and adult birds that stayed at least two days was the highest in Sumony, 22.01% and 26.92%, respectively. The proportion of the birds recaptured in Izsák was the lowest, around 1% (Table 1, Fig. 4 ). The average minimum stopover length of the juvenile recaptured individuals was significantly longer (8.9 ± 10.6 days) in Szalonna than in the other four For explanations see Table 2 . areas where it was between 4-6 days (Kruskal-Wallis test, H (5) = 26.49, P < 0.001). At the beginning of the migration there were more recaptures, moreover, those individuals stayed for the longest period of time on each sites. At the end of the migration there were less recaptures and the individuals arrived late migrated through the sites quickly. The least number of recaptures was in Izsák but those individuals stayed longer on average (Table 4 , Fig. 5 ).
Discussion
Catch dynamics does offer a good reflection of the real intensity of daily migration dynamics (Zehnder & Karlsson 2001; Nowakowski et al. 2005) . The migration dynamics of the robin showed that the end of September and the beginning of October was the peak time for passing through Hungary. Based on the estimated time of 10% capture, it can be stated that juvenile birds started their migration as early as the end of August or at the beginning of September while the migration of the adults started later; in mid-September, early October at all study sites. The migration dynamics of juveniles and adults did not differ significantly in the migration peak period, from the end of September to the first half of October ). There was a tendency among passerines that adult birds started their migration earlier than the juvenile ones. The earlier migration means advantage on resting places, where at such a time more food is available, competition is less and they arrive earlier at the wintering area. There are some exceptions from this such as the willow warbler Phylloscopus trochilus (L., 1758) and the robin. The adult willow warbler is in complete moult after breeding while juveniles change only their coverts. As the flying ability of adults is reduced they cannot leave early, only after the finished moult, one or two weeks after the juveniles (Tiainen 1983; Hedenström & Petterson 1987; Miklay & Csörgő 1991; Wernham et al. 2002; Csörgő 2009; Gyurácz & Csörgő 2009a) . The adults of robin also start their migration later than juveniles in other European sites (Benvenuti & Ioalé 1983; Adriaensen 1987; Polak & Szewczyk 2007) . The robin breeds twice a year in April -May and June -July. The second breeding can be the cause of the late migration of adults since the early migrating juveniles could originate from the first brood. The percentage ratio of migrants and the average recapture distance is greater in the case of the descendants originated from the first brood (Adriaensen 1986; Ginter et al. 2005) . The comparison of catch dynamics (t 10 and t 50 values) of juveniles and adults between study sites showed a higher similarity in the case of juveniles. Wind speed aloft and rain at the stopover sites also appeared to be significant factors that synchronize bird migration spatially and temporally (Schaub et al. 2004 ), but the spatial and temporal variability of these environmental factors, availability of food, as well as the different experience of adults, can affect the migration pattern and could cause the observed less than expected spatial synchronization of the migration.
The robin is primarily a bird of wooded and bushy habitats (Cramp et al. 1993 ), but during the migration period it does not stick to a specific type of habitat (Moskát et al. 1996; Polak & Szewczyk 2007) . The most robins were captured in Tömörd and Szalonna, where the 83% and the 100% of the nets were in the bushy and/or forest habitat, respectively. Most possibly, some individuals are crowded out of their preferable areas by dominant birds (Catry et al. 2004; Telleria & PerezTris 2004) , while juveniles may go to such suboptimal habitats that they measured badly beforehand because of their lack of experience and the next day they leave it (Schaub et al. 2004) .
The habitats optimal for the species, thick woods and bushy areas, are occupied by the dominant adult birds (Moskát et al. 1996; Tobias 1997; Gyurácz & Csörgő 2009b) , which have better feeding strategies (Polak & Szewczyk 2007) . The direction of migration is followed less by juveniles, they generally spread out more during the migration (Hedenström & Petterson 1987) . The woody areas of Szalonna was occupied by experienced dominant adult birds in the highest proportion while the less favourable reed-bed of Izsák was populated by juvenile birds in a higher proportion, which might be caused by their lack of experience.
The dynamics of the autumn migration was similar for each age group at the study sites. Izsák was an exception where the juvenile individuals appeared only in the middle of September and the migration of adults started only in early October. The reason for this is that the robin does not breed in reed-bed. Only the birds breeding in northern areas have a short rest here during their migration. The migration of juvenile and adult birds started the earliest at the study site of Szalonna, because supposedly the biggest breeding population is there.
There was a remarkable difference in the recapture rate of Izsák compared to the other sites. There was no recapture of adult birds here, while 1.03% of the less experienced juveniles ended up in the net again. In the case of the other four study sites the recapture rate of the juveniles that had a rest for shorter or longer periods was similar. The rate of the recaptured adults was the highest in Szalonna and Sumony where the highest percentages of the nets were set up in the bushy areas (Table 1 ). The stopover time of birds captured in August was the longest, they migrated until midSeptember as not one of them was recaptured. These individuals might nest in the Carpathian Basin. These have the shortest wing-length and the lowest body mass (Gyurácz & Csörgő 2009b) . From the five study sites, the birds that bred in Szalonna stayed for the longest period of time. In September and October birds came from northern breeding areas and they migrated intensively. The stopover time of these northern birds was much shorter because on their arrival they had significantly higher body mass and better condition than the local birds that were captured in August (Gyurácz & Csörgő 2009b ). Based on data of one year, the average minimum stopover length (Ellegren 1991 ) during migration was 5.9 days in Sweden. The mist nets were localized mainly in a willow thicket Salix spp. (Ehnbom & Karlsson 1993) . Based on data of nine years, the average minimum stopover time in Poland was four days and it decreased continually during the season. The ringing site was a forest area (Polak & Szewczyk 2007) . The stopover duration in the gallery forest areas of Szalonna was much longer; birds spent an average of 8.95 days with resting and feeding. The temporal and habitat-type variations and the availability of food may have been the causes of the observed differences in stopover duration (Dierschke & Delingat 2001) . On the basis of Hungarian recapture data and orientation studies, it could be stated that birds passing through in September were primarily from Poland and Slovakia and migrated in SSW direction. They had medium wing-length and body mass (Antli & Németh 1998; Lepold et al. 2002; Gyurácz et al. 2005 . Birds breeding on the north of Hungary passed through the study sites mainly in October. Individuals with the greatest wing-length, body mass and stored fat were captured in October (Gyurácz & Csörgő 2009b ). These birds might come from SE Scandinavia and NW Russia. This information can be inferred from the relation between wing-length and migration distance. Shape of the wing is related to the distance between the breeding and wintering places; longer distance the bird has to fly the longer and pointed its wings are (Kipp 1958; Csörgő & Lövei 1986; Lövei et al. 1986; Miklay & Csörgő 1991; Kováts et al. 1998) .
The robin can reach 35 km per hour with two continuous nocturnal flights (Bruderer 1971) , then it can regain the body mass and fat in ten days, which is necessary to migrate (Pettersson & Lindholm 1983) . In such conditions, northern birds have to stop twice before reaching the wintering place. One of these places might be in Hungary. Our assumptions are also supported by Swedish, Polish and Italian migration dynamics studies (Bottoni & Massa 1991; Ehnbom & Karlsson 1993; Sciborska & Busse 2004) . Although the recorded data of the study sites were from different years, the temporal relationships of median dates and migration peaks correspond to the migration speed of the species (Table 5).
According to the foreign recapture data of the Hungarian birds the direction of migration is SSW and they might winter on the Apennine peninsula and the neighbouring islands. Orientation tests show that a minor group of birds follow the Balkan direction but it cannot be supported by recapture data because ringing in those territories in winter has not been done (Lepold et al. 2002) . Most recapture data comes from Italy but Hungarian ringed birds have also been recaptured in Spain, France and Algeria (Gyurácz & Csörgő 2009b) .
Based on the results, it can be laid down as a fact that using the data from only one habitat in a migration dynamics study is not enough, because the data are influenced by the geographical location and vegetation structure of the area. The importance of the habitats from the point of view of resting and feeding is different. The quality of the habitats included in this study varied considerably from the point of view of the habitat preference of robins. The reed-bed of Izsák had only peripheral importance while the other four areas played an important role in the migration of the species. Climate change may modify the spatial distribution (Crick 2004) as well as the timing and phenology of migration of bird (Crick & Sparks 2006) , therefore the continuation of our research is necessary.
